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The article provides data and information on the case of atomic
layer deposition (ALD) of ultra-thin two-dimensional TiO2 ﬁlm.
The chemical structure of precursors, and the fabrication process
were illustrated. The data of spectral ellipsometric measurements
and the methods of calculations were presented. Data of root mean
square roughness and the average roughness of the ADL TiO2 ﬁlm
are presented. The method of bandgap measurements and the
bandgap calculation are also explained in the present data article.
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Value of Data
 The information of ALD instrument and samples preparation method can be used by other
researchers.
 The data of characterization, optical ellipsometry, AFM measurements and evaluation of optical
properties can be used and compared by other methods of thin-ﬁlm fabrication.
 The data and general approach of experiments can be used as an outlook to lead other researchers
for more investigation in the area of atomic-layered ﬁlms.1. Data
The chemical structure of TDMAT precursors, atomic layer deposition set-up and the ﬁnal fabri-
cated samples are presented in this data article. The spectral ellipsometry method and measurement
techniques are introduced and the ﬁnal results are presented. Furthermore, the results of atomic force
microscopy measurements and the bandgap calculation can be found in present data in brief article.2. Experimental design, materials and methods
2.1. Chemical structure of precursor
Tetrakis (dimethylamino) titanium (TDMAT) is one of the most common used precursors for
atomic layer deposition of Titanium-based ﬁlms. The chemical structure and molecular formula are
shown in Fig. 1.
2.2. The fabricated sample, atomic layer deposition set-up
Cambridge Nanotech ALD Fiji F200 was used as fabrication set-up. Plasma delivery was used to
create the laminar ﬂow of precursors. The wafer and the diced samples and the detailed parts of ALD
instrument are show in Fig. 2.
2.3. Ellipsometric spectroscopy
Ellipsometry is an optical technique used mainly for investigating the dielectric properties and
thicknesses of thin ﬁlms. It is nondestructive, contactless, and used in many different ﬁelds, such as
solid-state physics and microelectronics, for both fundamental research and industrial applications.
Generally ellipsometry techniques act on the basis of theoretical and experimental aspects of ani-
sotropy in sample which contains different layers. Simply changes in polarization of lights which are
reﬂected form the surface are measured and expressed as two values (Ψ and Δ) which are attributed
Fig. 2. (a) Wafer-scale ALD TiO2 sample, (b) diced 1.01.0 cm sample, (c) ALD apparatus and (d) graphical scheme of the ALD
chamber.
Fig. 1. (a) Chemical structure and (b) molecular formula of TDMAT.
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Fig. 3. Spectral ellipsometric data (a) Ψ and (b) Δ vs. wavelength for atomic-layered TiO2 ﬁlm.
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ρ¼ rp
rs
¼ tan ðΨ Þ exp ðiΔÞ ð1Þ
Here rs and rp are respectively the complex Fresnel's reﬂection coefﬁcients of the light polarized
parallel (rp) and perpendicular (rs) to plane of incidence. A layer Cauchy model analysis was per-
formed on measured ellipsometric angles. An example model is developed with a silicon substrate, a
native SiO2 and an ALD deposited TiO2 layer above of the other layers, by using CompletEase program.
The unknown properties of samples (thickness of TiO2) is deﬁned as model “ﬁt” parameter. The
optical constant of Silicon, native SiO2 and TiO2 comes from library values [2]. The spectral depen-
dencies of Ψ and Δ were ﬁtted in the model to extract ﬁlm thickness using a least square regression
analysis and a weighted root mean square error (MSE) function. MSE describes the difference
between experimental data and model predicted data. The normal ﬁt is based on Levenberg-Marquart
regression algorithm to minimize the least square difference between experimental and model
generated data or in another words to minimize MSE which is deﬁned in 2 [2–4]:
MSE¼ 1
2N M
XN
i ¼ 1
Ψmodi Ψ expi
σexpΨ ;i
 !2
þ Δ
mod
i  Δexpi
σexpΔ;i
 !224
3
5¼ 1
2N MX
2 ð2Þ
Here “i” identiﬁes each unique wavelength and angle of incidence, “N” is the total number of
(Ψ; Δ) pairs, and “M” is the number of ﬁt parameters. Furthermore, Ψ expi ; Δ
exp
i and Ψ
mod
i ; Δ
mod
i are
experimental and modeled values of Ψ and Δ, respectively. Also, σexpΨ ;i and σ
exp
Δ;i are respectively the
experimental standard deviation in Ψ and Δ . The spectral dependencies of Ψ and Δ for experimental
and model generated data at various angle of incidence with corresponding dispersion relation are
Fig. 4. MSE for (a) native SiO2 and (b) atomic-layered TiO2 ﬁlm.
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lines show model generated data.
Furthermore, ﬁt results show that MSE is 6.3 arbitrary unite for native SiO2 and 4.78 arbitrary
unite for as-deposited TiO2 layer indicating a perfect ﬁt between practical and generated model data
[3]. It should be mentioned that optical constants of TiO2 were unchanged from the library values
meaning the only parameter that displays the difference between the deposited TiO2 and the library
TiO2 is MSE value which is consistently less than 5 arbitrary unites [3]. Variations of MSE versus the
Fig. 5. Height mode Image of AFM.
Table 1
Data of root mean square roughness and average roughness of the atomic-layered ﬁlm.
Point Root mean square roughness (pm) Average roughness (pm)
1 94.44 81.43
2 105.8 87.18
3 179.6 152.0
4 142.3 119
5 71.95 56.49
6 226.9 189.7
7 127.3 106.9
8 113.4 86.28
9 131.8 111.5
10 133.4 113.7
11 198.1 156.1
12 166.7 131.6
Average 124.6 107.6
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shown in Fig. 4(a) and (b).2.4. Atomic force microscopy measurements
Fig. 5 shows the height mode image of AFM which is provided by the JPK data processing software
(NanoWizard). To measure the average surface roughness and root mean square roughness values of
surface, 12 lines with the length of 100 nm are measured. The data of roughness measurements is
provided in Table 1, showing each speciﬁc line with its measured roughness.
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To estimate the optical bandgap of atomic-layered TiO2 ﬁlm a general formula which relates the
absorption coefﬁcient (α) to the bandgap energy was used [5,6]:
ðαhνÞ1=m ¼ Bðhν EgÞ ð3Þ
Where α is the absorption value in UV–vis spectrum, h is the Planck's constant, hν is the photon
energy, m is the integer or semi integer, and Eg is the energy of the bandgap. B is a constant that
depends on the transition probability. For m¼2 the indirect transitions of electrons from the valence
to the conduction bond are allowed [7–9]. Assuming that the transition probability is 1 (B¼1), and
hν¼ h Cλ ¼ 1240λ , the Eq. (3) for indirect semiconductors could be simpliﬁed as presented below:
α
1240
λ
 1=2
¼ 1240
λ
Eg ð4Þ
By treating ðαhνÞ1=2 as Y axis and hν as the X axis, Eg can be estimated by extrapolating a straight
line to the ðαhνÞ1=2 ¼ 0 axis in the plot of ðαhνÞ1=2versus optical bandgap energy. The estimated
bandgap is 3.37 eV.Acknowledgements
This work was performed in part at the Melbourne Center for Nanofabrication (MCN) in the
Victorian node of the Australian National Fabrication Facility (ANFF).Transparency document. Supporting information
Transparency data associated with this article can be found in the online version at http://dx.doi.
org/10.1016/j.dib.2017.06.013.References
[1] S. Zhuiykov, M. Karbalaei Akbari, Z. Hai, C. Xue, H. Xu, L. Hyde, Wafer-scale fabrication of conformal atomic-layered TiO2 by
atomic layer deposition using tetrakis (dimethylamino) titanium and H2O precursors, Mater. Des. 120 (2017) 99–108.
[2] C.M. Herzinger, B. Johs, W.A. McGahan, J.A. Woollam, W. Paulson, Ellipsometric determination of optical constants for
silicon and thermally grown silicon dioxide via a multi-sample, multi-wavelength, multi-angle investigation, J Appl. Phys.
83 (1998) 3323–3326.
[3] A.M. Aboraia, M.E. Hagary, E.R. Shaaban, K.D. Verma, Determination of optical constant and ﬁlm thickness of ZnTe and ZnS
thin ﬁlms in term of spectrophotometric and spectroscopic ellipsometry, Ceram. Int. 42 (2016) 2676–2685.
[4] E. Marquez, J.M. Gonzalez-Leal, A.M. Bernal-Olivia, R. Jimenez-Garay, T. Wagner, Optical properties of amorphous
(As0.33S0.67)100x Tex (x ¼ 0, 1, 5 and 10) chalcogenide thin ﬁlms, photodoped step-by-step with silver, J Non-Cryst. Solids
354 (2008) 503–508.
[5] D.R. Coronado, G.R. Gattorno, M.E. Espinosa Pesqueira, C. Cab, R. Coss, G. Oskam, Phase-pure TiO2 nanoparticles: anatase,
brookite and rutile, Nanotechnology. 19 (2008) 145605.
[6] S. Chaguetmi, F. Mammeri, S. Nowak, P. Decorse, H. Lecoq, M. Gaceur, J. Ben Naceur, S. Achour, R. Chtourou, S. Ammar,
Photocatalytic activity of TiO2 nanoﬁbers sensitized with ZnS quantum dots, RSC Adv. 3 (2013) 2572–2580.
[7] D.M. King, X. Du, A.S. Cavanagh, A.W. Weimer, Quantum conﬁnement in amorphous TiO2 ﬁlms studied via atomic layer
deposition, Nanotechnology 19 (2008) 445401.
[8] M. Logar, B. Jancar, D. Suvorov, Nanocrystalline TiO2 thin ﬁlms fabricated via a polyelectrolyte multilayer-assisted sol–gel
reaction, J Am. Ceram. Soc. 93 (2010) 3679–3685.
[9] K.M. Reddy, S.V. Manorama, A.R. Reddy, Bandgap studies on anatase titanium dioxide nanoparticles, Mater. Chem. Phys. 78
(2002) 239–245.
